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@ Phenyiaianine derivative and prstainasa inhibitor. 



vSi A phenyiaianine derivative liaving the formula (i): 



I " 
I 

n — 
/ ' \ 

*2 2 ^ 



CONHCHCON 




Np2 



(I) 



where and are independently hydrogen pro- 
vided that both R* and R^ are not hydrogen at the 
same time; 

Ci-Ci alkyi which may be substituted with hydroxy, 
hydroxycarbonyl, C-C. alkoxycarbonyl, C-C. alkyI- 

iiiui<-«uf^(u, v/|-\/« wntjAjr, v^oi uoi iii^y I, ouiicu i luy i, 

pyridyl, or phenyl which may further be substituted 
with nitro, C,-C< alkoxy, or halogen: 

C,-C, cycloalkyi which may be substituted with 
hydroxy, Ci-C« alkoxy, hydroxylcarbonyi, C,-C« al- 
koxycadsonyl, or C,-C< alkyl; 

|«lll%^fiyi TVIIIWII llioy OUUOLILUl^U TTIlll liaii^Oli, 

nitro. trifluoromethyi, C.-C* alkoxy. C,-Ct alkylmer- 
capto. C,-C« alkylcarbonyl. phenylcarbonyl. hydrox- 

farnoyi) arnidinG. pyndylcarbcnyl. or Ct^Gs alky! 
which may further be substituted with C,-C< alkyl- 
carbonyl, hydroxycarix)nyl, or C,-C. aikoxycar- 

pyridyl which may be substituted with halogen or 
C-C. alkoxy: 

pyrimidyl: 

N-benzyiazacyclohexyl; and 

R' and R' may form with the nitrogen atom at- 



tached thereto a ring structure as morpholino; 
thiomorphoiino; or piperidyl which may be substi- 
tuted with phenylcarbonyl, benzyl, or C,-C4 alkyi; 

pyrrolidyl which may be substiaited with hydrox- 
ycarbonyl or C,-C4 alkoxycarbonyl; and 

piperidine substituted with C,-C4 alkyI, phenyl C-C, 
alkyI, phenylcarlDonyl, or C-C, alkoxycarbonyl; 

X is hydrogen; nitro; amino; or -OZ wherein Z is 
hydnagen; C-C, alkyI; Cs-C, alkenyl; t>enzyl which 

may be substituted with halogen, C-C, alkyi, nitro, 
trifiuororriethyi, hydroxycarbonyi, CrC, aikoxycar- 
uonyl, or cyano; phenylcarbonyimethyl, pyridyi- 
methyl; phenyi which may be substituted with nitro 
or halogen; pyridyi or pyrimidyl which may be 
substituted with nitro; phenylsuifonyi which may be 
substituted with C-C, alkyi; or benzyloxycarbonyl 
which may be substituted with halogen; 

n Is 4 to 10; and 

the mark * indicates that the configuration of the 
cartxsn may be either one of D-configuration, L- 
configuration and DL-configuration or a pharmaceu- 
tical acceptable salt thereof. 

This phenylalanine derivative is effective as a 
proteinase inhibitor. 
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PHENYLALANINE DERIVATIVE AND PROTEINASE INHIBITOR 



BACKGROUND OF THE INVENTION 

1. Reid of the invention 

The present invention relates to a novel 
phenylalanine derivative, more particularly to a 
phenylalanine derivative having a proteinase inhibi- 
tion activity or a pharmaceutically acceptable salt 
thereof. The present invention also relates to a 
proteinase inhibitor containing the phenylalanine 
derivative as the effective Ingredient. 

2. Ejescriptlon of the Related Art 

It is wall known in the art that various prot- 
einases are present in human organisms. Examples 

of such proteinases are plasmin, trypsin, kaillkrein, 
urokinase, and the like. As is also known, when 
these proteinases are abnormally activated for 
some reason, various diseases are caused. For 
example, • hemorrhagic diseases are caused when 
abnormally activated plasmin is present In a rela- 
tively large amount in the blood. Also, plasmin 
participates in Inflammation and It Is considered to 
cause inflammatory diseases. For this reason, a 
substance capable of exhibiting a proteinase Inhibi- 
tion activity is useful as a clinical remedy or medi- 
cine, and various investigations in the prior art have 
been made for the development of such sub- 
stances. For example, antiplasmins are useful as 



hemaiost^c agents, antlinfiammatory agents or an- 
tiallergic agents, antitrypsins are useful for the ther- 
apy of pancreatitis, antikallikrelns are useful as 
therapeutical agents for inflammation, and an- 

5 tiurokinases are useful for the inhibition of hemor- 
rtiagic symptoms in the thrombolytic therapeutical 
method with urokinase. Accordingly, davelopments 
of proteinase inhibitors having such activities have 
progressed in the prior art, but their proteinase 

JO inhibition activities are low and not satisfactory for 
practical application as m©dicine.s. Further, com- 
pounds having satisfagtory inhibition activities 
against various proteinases have not been devel- 
oped. 

75 

SUMMARY OF THE INVENTION 

Accordingly, the objects of the present Inven- 
30 tion are to eliminate the atnve-mentioned disad- 
vantages of tiie prior art and to provide a com- 
pound having a satisfactory inhibition activity in 
practical application but still having satisfactory in- 
hibition activities against various proteinases, and a 
as proteinase inhibitor containing the compound as 
the effective ingredient. 

Other objects and advantages of the present 
invention will be apparent from ttie following de- 
scription. 

30 In accordance with the pre-sent invsntion, there 
is provided a phenylalanine derivative having the 
formula (I): 




CONHCHCON 



CH- 




X 



(I) 



where R' and R' are independentiy hydrogen pro- 
vided that both R' and R' are not hydrogen at the 
same time; 

C,-C. alky I which may be .sub-sHtuted with hydroxy, 
hydroxycarbonyl, C,-C4 alkoxycarbonyl, C-.-Ct alkyl- 
mercaotO- C-C- alkoxv narharnnul <:iilfamnul 



pyridyL or phenyl which may further be substituted 
so with nrtro, G^-Cs alkoxy, or halogen; 

wj . .....w 

hurtrnvu C -C. 9llrnv\/ 

..J Jt ^, — i»w#1J, 

koxycarbonyl, or C-C, alkyi; 
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A ^ AAA 



phsny! whiCM msy b@ substitutsd With hsioQsn, 

iiiuu, iiiiiuuiuiiiouiyi, vru« ell^uxy, v/rv^4 taiNyiiiioi- 

capto, C1-C4 aikyicarbonyi, phsriyicsrbonyl, hydrox- 
ycarbonyl, C,-C« alkoxycartnnyl, carbamoyl, sul- 
famoyl, aniidino, pyridyicarbonyi, or CrC« aikyi 
which may furihsr b@ substitutsd witti C1-C4 aikyi- 
carbonyi, hydroxycarbonyl, or C,-C« aiicoxycar- 
bony!; 

pyrldyi which may be substituted with halogen or 
C,-C4 alicoxy; 

pyrimidyl; 

N-benzyiazacyciohexyl; and 

R- and R- may form with the nitrogen atom at- 
tached thereto a ring structure as morphoiino; 
thiomorphoiino; or piperadyl which may be substi- 
tuted with phenylcarbonyl, benzyl, or C,-C4 alky!; 

pyrroiidyi which may be substituted with hydrox- 
ycarbonyl or CrC« alkoxycarbonyl; and 

pyperldine substituted with C,-C4 alkyi, phenyl C- 
C4 alkyI, phenylcarbonyl, or CrC4 alkoxycartxinyi; 

X is hydrogen; nitro; amino; or -OZ wherein Z is 
hydrogen; C-C, aikyi; Cj-C» alkenyl; benzyl which 
may be substituted with halogen, C,-C« aikyi, nitro, 
trifluoromethyl, hydroxycarbonyl, C,-C4 alkoxycar- 
bonyl. Or cyano; phenylcartjonylmethyl, pyridyl- 
meihyi; phenyi which may be substituted with nitro 
or halogen; pyridyi or pyrimidyi which may be 
substituted with nitro; phenylsuifonyi which may be 
substituted with C,-C4 alkyI; or benzyioxycarijonyi 
which may be substituted with halogen; 

n is 4 to 10; and 

the mark * indicates that the configuration of the 
carbon may be either one of a ID-configuration, L- 
configuratlon and DL-configuration, or a pharma- 
ceutical acceptable salt thereof. Examples of such 
a salt may include inorganic acid salts such as 
hydrochloride, hydrobromide, hydroiodide, sulfate, 
nitrate, phosphate, etc.; organic salts such as ox- 
alate, succinate, glycoiate, maiate, citrate, maieate, 
lactate, benzenesuifonate, toiuenesulfonate, 
methanesulfonate, etc. 



In accordance with the present invention, there 
is also provided a proteinase inhibitor compri^ng 
the phenylaianine derivative of the above formula - 
(i) or a pharmaceuticaiiy acceptable salt thereof as 
5 the active ingredient. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

TO 

Typical examples of the compound represent- 
ed by the above formula are listed in Table I. 

The compounds listed in the Table are mum- 
bered, respectively, and in the following descrip- 

75 tion, the individual compounds are designated in 
terms of said compound Nos. for the purpose of 
convenience. 

For the compounds indicated as (OL) in the 
chemical structure, this means that their carbons 

20 are mixtures of D-and L-forms; in the compounds 
indicated as (L), this means that their carix>ns are- 
L-form; and, in the compounds indicated as (D), 
this means that its carbon is D-form. The asymmet- 
ric cart>on atoms in the phenylalanine skeleton 

ss having no indications are ail L-forms. In the phys- 
ical properties shown in Table I, NMR represents a 
nuclear magnetic resonance spectrum indicated by 
5 (i.e., delta) (ppm) representing the chemical 
shifts. Tne determination was carried out by using 

30 as a solvent CDCI3 (i.e., heavy chloroform), (CD3)- 
SO (i.e., d,-dimethylsulfoxide), DtO (i.e., heavy wa- 
ter), or CD5OD (i.e., heavy methanol) alone or in 
any mixture thereof, and by using as an internal 
standard TMS (i.e., tstramethylsilane). In the paren- 

35 thesis after the 5 number, the number of the hy- 
drogen atom and the symbols s, d, t, q, m, and 
broad, thereafter, denote singlet, doublet, triplet, 
quartet, multiplet, and broad absorijance, respec- 
tively. The absorbance based on the solvent is 

40 omitted from the Table. 

IB represents an infrared absorption spectrum 
in which a potassium bromide tablet is used in the 
determination unless otherwise noted. When a so- 
lution is used in the determination, the kind of 

45 solvent is listed in parenthesis. The number listed 
in the Table represents a wave number in units of 
cm~\ and only the main absorption peaks sre 
listed in the Table. 

MS represents a mass spectrum, and the re- 

50 suits are shown as M/e (i.e., the mass of the cation 
fragment divided by the charge) of the' main peaks. 
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The compounds of the present invention can 
be synthesized by various combinations of the so- (i960)] 

1) Mixed acid anhydride method [Ann, 
Chem., §72,] !9Q (1951) sg 

2) Acid chloride method [Biochemistry., 4, 



ij7 i^liVSpllCIMir IIIVUIUU LWIIOII 



4) Dicycichexylca-tKXjiimide method [J. Am. 
Chem. Soc., 77, 1067 (1955)] 

5) Active ester method using, for example, 
N-hydroxysuccinimide [J. Am. Chem. Soc., 



Ber., 22, 2337 
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sary to combine the above-mentioned methods ap- 

propnatoly for the rsspsctivs cumpounds. Among 
thess methous, typical examples of the reacuon 



routes are shown below. 



Eoute A 



I ClOO^C^hV 



® 



11 I 



HN 



or CICO^ J 



■> B0CJNHCHOO2GO2C2H2 



rr ^ 



41!f-HCl 



® 



•v. 



/ 0 ^ 




® 



X 



II I 
II J 

I „ 



® 




■>H2N-Y-C0NBCEmiI, 

® 



For carrying out syninesis from (y to @ ,® 
is dissolved in an appropriate solvent such as THF, 
dimethylsulfoxide diethyl ether, dioxane, and the 
like, and an appropriate base such as triethyiamlne, 
pyridine, and the lil^e, Is added in an amount of 1 
equivalent to 5 equivalents, preferably 2 to 3 equiv- 
aients reiative to® .To this reaction mixture is 
added ethyl chiorocarbonate as such or as a solu- 



<o tion dissolved in the soivent used as the reaction 
solvent, at one time or in several divided portions. 
The temperature of the reaction mixture is main- 
tained at -iO°C to 30»C, preferably 5 to iO°C. The 
reaction time is from i hour to 50 hours, preferably 

^ from 5 to 20 hours. After a conventional post- 
treatment, 0.5 to 2 equivalents of 



13 

/"I 

HN 
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are added and the reaction Is canled out at -lO'C 
to 30*C, preferably 5 to 20°C, for I to 50 hours, 
preferably 5 to 20 hours. Then, after a conventiona! 
post-treatment, (S) is obtained. 

The reaction fronri (3) to © rrsay be carried 
out by aflowing to react with ! to !Q ecjuivalents, 
preferably 3 to 7 scjulvalsnts relative to ® of 4N- 
HCI dioxane solution at room temperature. Then, 

Boute B 



after a conyentional '^st-treatment, is obtsirted. 
The reactions from '4^' to '6 ^ can !ds carried out in 
the same way ss from to , whereby can 
be obt^ned. 




1 
I 

jj 



X 



H^NCHCm' 



.P^ Soc^^!^-Y-a)2H 



© 



> BocNH-Y-CCNimXN 



DOC 



® 



-^HjN-y-OONiKHiOCN, 

© 



For syntheses from© to (5) and from © to 

thAra mflv ho Amnlnvorl fnr ovamnlo tho 

, _ J p,.-^ - — , v.'.v.f^.v, H.^ 

methods as described in J. Am. Chem. Soc., 77 
1067 (1955). For the reactions from ® to @ and 
from (?) to © , the methods as described in route 
A may be used. 
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Route C 



II I I-' Tl II I 

BocajEKXgsr'^ " ^BocNHCHacN ^ 



II J 

II I 

NaH I ^R, 



r 

® 




For syntheses from (5) to (J) , there may be 
employed, for example, the methods as described 
in synthesis 685 (1976), J. Chem. Soc. Perkin Trans 
1490 (1977). 

For synthesis from ® to© , (f) is dissolved 
In an appropriate solvent such as DMF, DMSO, 
toluene, and the like, and NaH is added in an 
amount of I equivalent to 5 equivalents, preferably I 
equivalent to 2 equivalents relative to . To this 
reaction mixture Is added a solution of Rj-A dis- 
solved in the solvent used as the reaction solvent, 
and the reaction is carried out at room temperature 
from 2 hours to 50 hours, preferably from 4 to 6 

hours. Than, after a oonwfintinnal nnst-trfia+rneint 

^ - - , ... . . ... , 

\^ Is Obtained, For synthesis to (A) , the meth- 
ods from 0 to © in route A may be used. 
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Synthesis of N-(trang-4-arplnom9thv!Gvc!oh9xvlcar- 
Ix)nvl>-L-Dhenvlalanine 4-ac9tvlanilid9 (Compound 

N-(t43utyloxycarbonyl)-L-phenylalanine (I) (5.30 

g) wa.s dissolved in dry tetrahydrofuran (80 ml), 
triethylamine (3 ml) was added to the resultant 
solution and ethyl chlorocarbonate (2.40 g) was 
added to the mixture under ice-cooling, followed by 
stirring for 30 minutes. To this solution was added 
4-acetylaniline (2.70 g) and the mi-Ktui-e was stirred 
at room temperature for 10 hours. To the reaction 
mixture was added iqe-water (300 ml) and the 
precipitated crystalline substa.ncs was collected by 
filtration, thoroughly washed and dried to give 7.07 
g of N-(t-butyloxycarbonyl)-L-phenylalanine 4-ac- 
etylaniiide (II). 



EXAMPLES 

The present invention will now be further illus- 
trated by, but is by no means limited to, the 
following Examples, in the follovnng, preparation of 
typical compounds is described by refenlng to 
specific examples. 



Example I 



55 



chloride/dicxane solution (30 ml) and ice*^colinQ 
was removed, followed by stirring at room tempera- 
ture for 30 minutes. To this scluticn was added 
ether (300 mi) and the precipitated crystalline sub- 
stance was collected by filtration, washed witii 

AfHor anrl rlrioH iinHaf q roMttnaM r\rae>e^iira +rt mion- 

titatively obtain L-phenylalaiine 4-aoety!aniiide hy- 
drochloride (III). 
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On ihA nthnr hanH tran<3-^/f-hiifvlnyvr^rhnnvl\ 

■v.. VM.W. w^.-.. . ^. w. .J 

flminnmAthvlrvrlfthAYvlrarhnwiin arid RP wfl« 
Hi«<nl\/AH in Hrv -totrahurirnfiirsin /^;n 'm\\ 

triethylamine (0.96 ml) was added to the resultant 

eQjijHrtn apH Q+hy! chfcTOcarbcnatw (0.^6 q) was 



the hydrochicrlde salt (III) previously obtained and 
triethylamine (2 m!) was added to the mixture, 

II lUIVJill 1(71 t If^OI CItUI C7 lUI O 

/onn m1\ ^^^^^ — 

^&l/u 1111/ woo ojucnj 1119 locH^uun 

mixture and the precipitated crystalline substance 

Tvao L'(-iiiou-ic7u Lfy iiili oiiui i, Liiuiuuyiiiy waaiiou wtLii 

butyloxycfirbonyl)aMriinorriSihylcyciohexylcarbonyl]~ 
L-phenylalanine 4-acetylanllide (IV}- 

To th& above compound (IV) (2.60 g) was 
added under ice-cooling 4N-hyurogen 
chloride/dloxane solution (25 ml) and the mixture 
was stin-ed at room temperature for 30 minutes. 
The iTiixture was concentrated under a reduced 
pressure, and the residue was dissolved In water 
(100 ml) and sodium carbonate (1.05 g) was added 
to the resultant soiution. The precipitated crystalline 
substance was cci 

washed with water and dried to obtain N-<trans-4- 
aminomethylcyclohexyicarbonyl)-L-phenylalanine 4- 
acetylanilide (V) (1.90 g). 



Example 2 

Synth??'? N-ftrans-4-aminomethvlcvclohexvlcar- 
bonvl>-4-t?8nzYloxv-L-Dhenvlalanine 4-acetvlanilide 
^Compound No. 3^ 

aminomethylcyclohexyicarboxyiic acid (1.41 g) was 
made into a mixed acid anhydride following a con- 



{tr3ns-4-aminomethvlcvclohexvlcar- 
L-phenvlalanine 4-acetvlanilide ; 



ventional 



method, 



phenyialsnin8~4-aC6Lylanilid8 hydrochioriuB pr^ 
viously synthesized following a conventional meth- 
od was added thereto and the mixture was stirred 
with addition of triethylamine (1.7 ml) at room tem- 
perature for 3 hours. Then, post-trestrnent was 
carried out following the procedure as described in 
Example I to give N-[trans-4-(t-butyloxycarbonyl)- 

oi i III lui 1 1(311 ly luy ului lOAy ludi uui i y i j-t-uoi i^yiOXy-L- 
^iiaiiyioiaiiiiio t-auoLy laiiiiiuu (1/ {£..tv y). 

The above compound (I) (2.40 g) was treated 
with 4N-hydrogen chloride/dloxane and. foilowing 
the procedure of Example 1, N-(trans-4- 
amiMOmethylcyc!ohexylcarbonyi)-4-benzyioxy-L- 
phenylalanlne 4-acetylanilide (i!) (1.50 g) was ob- 
tained. 



Example 3 
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iClnmrtruinri Mn A\ 



Bii III iwi iiDLi ly i\^y\^i%jt icAy i-i^cu UKji ry ii.y lUAy-i-- 



|_ti loi ly iGiiai III lo 



2 mg), palladium black (20 mg) and cyciohex- 
ene (2.5 ml) and the mixture was stirred under 

..^1.... ^4 ^iU^^^i OA ; X... -ru.. — ....... 

loiiuA ui oiiieiiiui lui ou I11IIIUIC7&. iiie duiiu was 

collected by filtration, and concentrated to obtain 
N-(trans-4-aminomethylcyclohexylcarbonyl)-4- 
hydroxy-L-phenylalanine 4-acetylanilide (79 mg). 



Synthesis yi N->'trans-4-aminom8thvicvciohBxVicar- 
bonvlM-(4-chloroben2vlQxv>-L-Phenvlalanine 4-ac- 
20 etvlanllide (Compound N q. $) 

A mixture of N-(t-butyioxycarbonyl)-4- 
benzyloxy-L-phenylaianine 4-acetylanilide (I) (4.88 

g), palladium black (0.60 g), cyciohexene (15 ml) 

26 and ethanoi (100 ml) was subjected to in© reaction 
under reflux of etnariol for I hour. After cooling, the 
solid was filtered off and the filtrate was con- 
centrated to obtain N-(t-butyioxycarbonyl)-4- 
hydroxy-L-phenyialanlne 4-acetylaniiide (ii) (3.90 

30 g). The compound (ii) without purification was dis- 
solved in N,N-dimethylfOnnamide (100 ml) and the 
soluuon was stirred with addition of sodium hydride 
(60% content) (0.44 g) at room temperature for 30 
minutes. To this solution was added 4-chlorobenzyl 

as chkiride (1-61 g) and the reaction was carried out at 
room temperature for 10 hours. Ice-water (500 ml) 
was added to the reaction mixture, and the 
precipitated crystalline substance was collected by 
filtration, thoroughly washed with water and dried to 

40 obtain N-(t-buiyioxycarbonyi)-4-(4-chloroben- 
2yioxy)-L-phenylaianine 4-acetylaniiide (ill) (3.85 g). 
The compound (ill) was treated in a conventional 
manner to synthesize N-(trans-4-aminomethyl- 
cyclohexykarbonyi)-4-(4-chlorobenzyloxy)-L- 

45 phenylalanine 4-acetylanilide (IV). 



Exarpol^ § 

so Svnthesis gf N-{trans-4-aminomethvlcvclohexvlcar- 
bonvr)-4-metnoxv-L-Pherivlalanine 4-acetvlanilide - 

fComoound No. §1 

N-(t-butoxyoxycart)onyl)-4-ben2yloxy-L- 
ss phenylalanine 4-ac6tyianilide (0.49 g), palladium 
biack (O.iO .g) and cyciohexene (4 ml) were reacted 
with ethanoi (20 ml) under reflux for 1 hour. After 
cooling, the solid was filtered off and the filtrate 
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was concentrated under reduced pressure to obtain 
N-(t-butyloxycarbonyl)-4-hydroxy-L-phenylalanine 
4-acetylan!lide (I) (0.39 g). The compourjd (!) 
dissolved in dirr.ethyiformarnide (6 ml) and oily 
sodium hydride (0.04 g) was added to the resultant 
solution. The mixture was stirred at room tempera- 
ture for 30 minutes. To this miscture was added a 
dimethyiformam.ids (2 m!) solution of methyl iodide 
(0.15 g) and the reaction was canied out at room 
temperature for 6 hours. Ice-water was added to 
the reaction mixture, and the resultant oily sub- 
stance was extracted with ethyl acetate. After a 

methoxy-L-phenylalanine 4-acetylaniiid8 (II) (0.21 
g) was obtained. N-(trans-4-amInomethyl oyclohex- 

etylanllide (0.08 g) was obtained from the com- 
pound (II) (0.19 g), following the procedure of Exam- 
ple I. 



^?mple § 



5 



L-ohenvlalanine 4-benzovlanilide (Compound No. 25 
IQl 

N-(4-benzyloxycarbonyiaminomethylben2oyl)-4- 
benzyloxy-L-phenylalanine 4-benzoylanilide (I) - 
(0.20 g) was dissolved in 30% hydrcbrcmic so 
acid/acetic acid solution (10 ml) and the solution 
was stirred at room temperature for 30 minutes. 
Excessive reagent was removed with ether by de- 
cantadon, water was added to the residue and the 
mixture was made a!i<3!ine with sodium carbonate 55 
follQwed by extraction with methylene chloride. Ac- 
cording to a conventional method, N-(4- 
aminomsthylbenzoyl)-4-hydroxy-L-phenyialanine 4- 
benzoylaniiide (II) (O.ll g) was obtained. 



The residue was extracted with ethyl acetate. After 
a conventional post-^atment, N-(t-butyloxycar- 
bonyl)-4-benzyioxy-L-phenylalanine 3-pyridylamide 



nn n n\ n\ was nhtainnrl 

VI \"-- S7/ ' 



dry !,4-dioxan8 (10 ml) and, to this solution, 4N 
hydrogen chicide.'diQxane solution (25 m.!) was ad- 
rjoH and at room temperature the m.ixture was 
sfirred for ! hour. The precipitated substance was 

TO collected by filtration and dried. This product was 
added to a mixed acid anhydride, which was *^re^ 
viousiy synthesized from. 4-(t-butyloxycarbonyl)- 
aminomethy! cyclohexyl carboxylic acid (0.54 g). 
triethyiamine (0.31 ml), and ethy! chiorocartxjnats - 

T5 (0.23 g). Furthermore, to this mixture were added 

(5 ml) followed by stirring at room temperature for 
3 hours. To the reaction mixture was added ice- 
water (100 ml) and the predpitated substance was 
20 collected by filtration. After thoroughly washing with 
water and drying, N-(trans-4-(t-butyloxycarbonyl)- 

m I III iwi ■ lOLi I J i^y wiwi n^SU uvi iyi*^r*ia9i i^y it_^>\y~L_~ 

1^1 let I J iui«M III ■« sj-fjy I luy IB! 1 iiuQ ^v«0W jjy »TCiO \JVJ~ 

The compound (III) (0.95 g) was dissolved in 
dry 1,4-dioxane (10 ml) and, to this solution, 4N- 



.1 10 «Lf|ut.l^^• 1 yc 



ded, followed by stirring at room temperature for 2 
hours. The precipitated substance was collected by 
filtration and dried to obtain N-(trans-4- 
aminomethylcyclohexylcarbonyl)-4-ben2yloxy-L- 
phenylalanine 3-pyridylamide dihydrochloride (0.90 

g)- 



Example 8 

v^j^y^wjjij* V I ■» 1 M vti tN^i -T fc^i I III I VI I i^jn I Y ly. ipyvy HrfCU" 

bonvlH-ohenacvloxv-L-Dhsnvialanine cvclohex- 
40 vlamide hydrochloride fComoound 23) 



Example 7 

Synthesis 2! N-(trans-4-aminomethylcvclohexvlcar- 
bonvlV4-benzvloxy-L-phenylalanine 3-pyridvlamide 
dihydrochloride (Compound ^to. 16) 



N-/f-hi tt\/lnvvnarhnnvl\-A-hom»\/lnv\r-l . 

phenylalanine (I) (3.7! g) was dissolved in dr/ 
tetrahydrofuran (100 ml) and, under ice cooling, 

trjgthyjamjng /[^g fTl!) W3S 3dCi@d thsrstO Aft©r Stir* 
rinn inr 1^ miniifoc oH-iwl r^hlni'nriQrKrkn'a'l-a /I in n\ 

■ >* 'W* IV ■ ■ III ■Ml.Wt K^Ll Ijr I Wl IIVI \|/WCU It^V^I ^IslU 

was added, followed by stirring for 30 minutes. To 



thie cr\li if!r\r» uuac aririaM ^-Qm!nr»rnrrfr4!i 

ll 111^ %^Vy)UI.IU< • *T MVJUVU \J ~UI till l\J^y I IVJll 

■■■■ ' ' I wuw (Will 



jre for 7 hours. The 



^^viiu TTCA^ iiiidou cur 



A mixture of 

^p/^i 14- jr ivxvjf L_- yi ivi III tsif VrlVI 19/vy Idl I IlUC 

g) obtained in Example 4, palladium blacl^ (0.10 g), 
45 cyclohexene (4 ml), and ethanol (20 ml) was al- 



TTItllW t^MIIIII^. r-«IV9l <^WilM^, 11 IC7 OWIIU TTOO IlllOICnj Ull 



pressure to obt^n 

.^Avytflnm:/4A /l\ /H «\ T-U... 

^yviwii7Ayiaiiiiuc> \i) yy, i no 

. .. .t ini^ /l\ /n »Afnn An^l. .^M- ...:«U.«.. .4. .... . 

\^VIII}^VUI lU ^1/ ^V.VT y/ TVao UI90UIVC7U| will lUUl |JU" 

iM M KI„j-l*wtA4-ki<l-f«Mi>Mn««n.:i-li.«. /irv £..1 

II I iHji^-uiiiidiiyiiui iiioiiiiut? \iu Jiiiyj lUl" 



pressure. 



rific 

lowed by adding sodium hydride (0.06 g) thereto. 

wM>u4i|i^/N iBtnn Ml'Itfvni-l m.* a ..^.L. .... X... 

IIIU llilAt.UI9 TTOd dUIICU Ol lUUIll lt9IllfJ9ICllUIV lUt OU 

Niiiiutes. To uiis soiution was added a soiution of 
phenacyl bromide (0.30 g) in N,N-dimetiiylfor- 

mamiue (5 in!). The reaction was carrisd out at 
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Icn-watAr thsrstQ. Th8 resuttsnt ^!y product was 
6xtr3ct6d with 6thyl sc&tsts. Aftsr 3 convsntionsl 

nnet-troatmont N-/t-hi itulnv«rarhnnvl^-4- 

phenacyloxy-L-phenylalanine cyclohexyiannide (!!) - 

/franc^-arvl^n<^rrkA+h\rl/^^f^l<^ha^/\rl/^Qt4\/^n\/l\-^ 
\u«Mi\;r -r ui 1 lit lui 1 iWLi 1 jr 1^ jr v.*) vi lu/x j i^ui i>^v/i 1 j •/ ~r 

r\hAna4^\/l/s^^%/_I .i-tKAnxrIalsninA ^vr^lnhA\/\/lam!HA h\/— 

drochloride (0.38 g) was obtained, fcHowing the 
procedure of Example 7. 



Example g 



Synthesis of N-(trans-4-sminomgthv!cvclohexvlc3r- 
j3Qnvjy.4"benzvloxv"L"Phenv!slsnin9 4-cjs/trsnS'' 



meth vicvctohexvism ^Ide hydrochloride fCom pound 



■ I luu I J mi ■ 111 iiii^ 



phenylalanine (!) (2.0 g) dissolved in dry 



tetrahydrofuran (30 



iiy cu lu Oil ty I 



70 (0.^ g) was added under ice-cooling, followed by 
stirring for 30 minutes. 

To this solution was added 4-ds/trans-methyi- 



vjyi ill ipjio \ji 1^-^ II cti lo-^-gi mi lui i loii i y ly., yy^iv/i ioAViCcir~ 

u%j\ ivir"^i II LI u~iJ,i-~pi ipi IV laicii in lo 4-t)enzovlanlllde 

I (Compound No. 30 



1 1-^ i-uu ly lu A y ooi uvju y i/-*T-i 1 1 u u-u , i_- 

phenytalanine (0.95 g) and triethylamine (0.4 ml) 
were dissolved in dry tetrahydrofuran (15 ml), and 



cooling to the resultant solution, followed by stimng 
for 20 minutes. 443enzoylaniline (0.6 g) was added 
to the solution and the mixture was further stirred 
at room temperature for 12 hours. According to a 
conventional post-treatment, 6.98 g of N-(t-butylox- 
ycarbonyl)-4-nitro-D,L-phenylalanine 4-ben- 
zoylanilide (I) was obtained. To the at>ove com- 
pound (!) (0.37 g) was added 4N-hydrogen 
chloride/dioxane solution (1.5 ml) and the mixture 
was stirred at room temperature for I hour. The 
solid precipitated by addition of ethyl ether (10 ml) 
into this solution was collected by filtration to give 

■OO y ui -r-i iiu u-L./,i.~fjii9My loiai III lo -r-uoi i^uyiaiiiiiui? 

hydrochloride (II). Trans-4-(t-butyloxycarbonyl)- 
aminomethylcyclohexylcarboxylic acid (0.2 g) and 

iriouiyicuiiiiic} \u.£. I my rrcji c uioouivou in ui y 

tetrahydrofuran (15 ml) and ethyl chlorocart»onate - 
(0.09 g) was added to the solution under ice- 
cooling, followed by stirring for 20 minutes. To this 

SUiuuuii nao auucu Li lo outjvo ^tjiM|-ruuiiu \it} 

ailVJ kllU IlilAtUIC? TTCIO OlIII^U CIL JUV^MI lUI I I OLUrO 

for 12 hours. According to a conventional post- 
treatment, 0.29 g of N-[trans-4-(t-butyloxy car- 

fc/wi lyi/cu iiiiiui iic7i> ly luy^^iui icAy t<.^i uui ly ij— r-i iiii u- u , l_- 

phenylalanlne 4-benzoylanilid6 (III) was obt^ned. 
The above compound (III) (0.29 g) was dissolved in 

-rii-i lyui v^cri I ^1 iiui luc/uiuAai ic ouiuiiuii \i iiii/, liic? 



SiiiiC7u ot luuiii ioiii|joiaiuio lui lu iiuuis. nu6i 

75 evaporation of the solvent, the residue was ex- 
tracted with ethyl acetate washed with water and 
dried to give 2.3 g of N-(t-butyloxycartX)nyl)-4- 
benryioxy-L-phenyialanine 4-cis/trans-methyl- 
cyclohexylamide (II). 

20 To the above compound (II) (1.0 g) was added 
under ics-cooling 4N-hyuroy6n chlonde/dioxane- 
solution (4.5 ml) and the mixture was stirred at 
room temperature for 30 minutes. Hexane (30 ml) 
was added to this solution and the prscipitated 

25 crystalline substance was coilectsd by filtration, 
washed with ether and then dried under reduced 
pressure to give quantitatively 4-benzyloxy-L- 
phenylalanlne 4-cts/trans-methylcyclohexylamide 
uydrochlorlde (III). On the other hand, triethylamine 

30 (0.6 ml) was added to a solution of trans-4-(t- 
butyloxycartx>nyl)aminomethylcyclohexylcarboxylic 
acid (0.62 g) dissolved in dry tetrahydrofuran (30 
ml) and ethyl chlorocarbonate (0.25 g) was added 
under ice-cooling, followed by stirring for 30 min- 

35 utes. To this solution were added the above com- 
pound (III) (0.73 g) and triethylamine (I ml), and the 
mixture was stirred at rooin temperature for 3 
hours. After evaporation of the solvent, the residue 
was extracted with ethyl acetate, washed with water 

40 anu uMou to give 0.2 g of N-[trans-4-(i-butyloxycar- 
tK5nyl)arninoiTisthylcycloh8xylcarbonylj-4- 
benzyloxy-L-phenylalanine 4-cis/tranS"m8ihyi- 
cyclohoxylamide (IV). To the above compound (IV) 
(0.2 g) was added under ice-cooling 4N-hydrogen 

45 chlcnde/dioxane solution (0.5 ml} and the mixture 
was stirred at room temperature for 30 minutes. 
Hexane (20 ml) was added to this solution and the 
precipitated crystalline substance was collected by 



and then ether (S 
substance precipitated was collected by fittrafion 
and subjected to a conventional post-treatment, 

TTiiciouy u.£*t ^ UI i'<i-\uaiis>-n-eiiiiiiiuiiii:>uiyi- 

cyclohexylcarbonyl)-4-nltro-D,L-ph6nylaianine 4-be- 
nzoylanllide hydrochloride was obtained. 



50 reduced pressure to give 0.1 g of N-(trans-4- 
amlnorr ^ethylcyciohexy Icarbor ^y l)-4-benzy ioxy-L- 
phenylaianine 4-cis/trans-methyicyciohexyiamide 
hydrochloride. 
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11-1 uaiis-*t-amii lui iioti i viCvwiui ioxvn;ai uoi i vi rt-io- 

chlorob6nzvioxvV'L-ph6riviaianlri6 4-aC9tvlanilide 
methane sulfonate iCompouncI No. 9§> 

N-(t-butyioxycarbonyi)-4-{benzyioxy)-L- 
phenyiaianine 4-acetyianiiid@ (i.2 g), paiiadium 
black (0.15 g) and cyciohexane (8 ml) were added 
Into ethanoi (40 mi) and the reaction was canried 
out under refiux of ethanoi for i hour. After cooilng, 
the mixture was filtered and a fiitrate was con- 
centrated under a reduced pressure to obtain N-(i- 
butyioxycarbonyl)-4-hydroxy-L-phenyialanine 4-ac- 
etyianiiide (i) (0.99 g). me above compound (i) - 
(0.99 g) was dissolved in dimethylformamide (30 
ml), added with oily sodium hydride (0.1 g) and the 
mixture was stin-ed at room temperature for 30 
minutes. A soiution of 3-chiorobenzyiohloride (0.4 
g) in dimethyitonnamide (5 ml) was allowed to 
react at room temperature for 6 hours, and the 
reaction mixture was poured Into Ice-water (100 ml) 
and extracted with ethyi acetate. A conventional 
post-treatment was canied out to obtain I^Kt- 
butyloxycarbonyl)-4-(3-chlorofaenzyloxy)-L- 
phenylaianine 4-aoetylaniiide (11) (1.25 g). The above 
compound (li) (1.25 g) was allowed to react with 4N- 
hydrogen chlorlde/dioxane (12 ml) to obtain 4-(3- 
chlorobenzyioxy)-L-phenylalanine 4-acetylaniIide - 

(III) . The above compound (iil) was suspended in 
dimethylformamide (10 ml) -tetrahydrofuran (10 ml) 
dry soiution, and triethylamine (0.4 ml) and trans-4-^ 
(t-butyloxycarbonyl)- 

aminomethylcyclohexylcarboxylic acid mixed acid 
anhydride were added under ice-cooling, followed 
by sfining for 30 minutes. Further, the reaction was 
canied out at room temperature for 3 hours. After a 
conventional post-treatment, N-rtrans-4-(t-butylox- 
ycarbonyi)aminometnylcyciohexylcarbonyij-4-(3- 
chlorobenzyioxy)-L-phdnyiaianine 4-acetylaniiide - 

(IV) (1.31 g) was obtained. The above compound - 
(iV) (i.3i g) was ailowed to react with 4N-hydrogen 
chioride/dioxane soiution (10 mi) tor i hour, and the 
crystalline substance precipitated by addition of 
hexane was collected by filtration. Tnis was dis- 
solved In water (100 mi) and the substance 
precipitated by addition of sodium carbonate was 
suspended in methanol (30 ml) - methylenechloride 
(30 ml) solution and methanesulfonic acid (0.13 g) 
was added to the suspension, followed by stirring 
at room temperature for I hour, to obtain a transpar- 
ent solution. After evaporation of the solvent under 
reduced pressure, recrystailization from ethanol- 
ether solution gave N-(trans-4-aminomethyl- 
cyclohexyicarbonyl)-4-(3-chlorobenzyloxy)-L- 
phenylaianine 4-acetylanilidemethanesuifonate (1.1 
g). 



Example 12 



oviiuipgia ui ano-*t-ai i luiui i lou i viuvuhjiipavi 

uui I VI r*»-ugi i^vmXV-i--|ji igi i vigioi ni ks t-aUi- 
laiiioviaiiiiiup iivumviniuiiuc tv.rtjiiiuuuiiu iiu. > 

s Triethylamine (1.5 ml) was added to a solution 
of N-(t-buiyioxycaibonyi)-4-bsn2yloxy-L- 
phenylaianine (I) (2 g) dissolved in dry 
telranydrofuran (30 ml) and efhyi chioroearbonat© 
(0.65 g) was added under ice-cooling, followed by 

10 stirring for 30 minutes. To this soiution was added 
4-suifamoyiahiline (0.65 g) and the mixture was 
stin-ed at room temperature for 10 hours. Post- 
treatment was carried out in the same manner as in 
Example I to give i.3 g of N-(t-butyioxycarbonyi)-4- 

fs benzyloxy-L-phenylalanine 4-sulfamoylanilide (II). 
To the above compound (li) (0.5 g) was added 
under ice-cooiing 4N-hydrogen chioride/dioxane 
solution (3 ml) and the mixture was stirred at room 
temperature for 30 minutes. Post-treatment con- 

20 ducted in the same manner as in Example I gave 
quantitativeiy 4-benzyloxy-L-phenyiaianine 4-sul— 
famoylanilide hydrochloride (ill). On the other hand, 
1rans-4-(t-butyloxycarbonyl)- 
aminomethylcyclohexylcarboxylic acid (0.25 g) and 

25 triethylamine (0.2 ml) were added, and ethyl 
chlorocarbonate (0.1 g) was added under ice-cool- 
ing, followed by stirring for 30 minutes. To this 
solution were added the above compound (III) (0.42 
g) and triethylamine (I ml), and the mixture was 

30 Stin-ed at room temperature for 3 hours. After ex- 
traction with chloroform, according to the same 
post-treatment as in Example I, 0.28 g of N-[trans- 
4-(t-butyloxycarbonyl)- 

aminomethyicyclohexylcariaonylH-benzyioxy-L- 
35 phenylalanine 4-sutfamoyianilide (IV) was ob- 
tained.To the above compound (IV) (0.28 g) was 
added 4N-hydrogen chioride/dioxane soiution (2 
mi) and, after stirring at room temperature for 30 
minutes, following the same procedure as in Exam- 
40 pie i, 0.15 g of N-(trans-4-aminomethyicyclohexyl- 
carix)nyi)-4-iDenzyioxy-L-phenyialanine 4-sui- 
famoylanilide hydrochloride was obtained. 



45 Example 13 

Synthesis of N-(trans-4-aminomethvicvclohexvlcar- 
bonvi)-4-benzvioxv-L-phenvlalanine 4-(2-chioro)- 
pvridviamide hydrochloride (Compound No. 59) 

50 

N-(t-butyioxycarbonyl)-4-i3enzyloxy-L- 
phenyialanine (I) (4.46 g) was dissolved in dry 
tetrahydrofuran (liO ml) and triethylamine (1.80 ml) 
was added under ice-cooiing. followed by stin-ing 
S5 for 15 minutes. To this solution was added ethyl 
chlorocarbonate (1.44 g) and the mjxtjre was stirred 
for 30 minutes. After adding 4-amin.o-2- 
chloropyridine (1.54 g), the reaction m& carried out 
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at roorn tsm'^rsturs fcr !Q hcurs. Ths ^!id 
fiftftrftH Qff and ths fi!trst6 wss concsntrstsd und©r s 
fAdnQAH r\r8ssur8. Th8 fosldiio dxtf^tod with 
ethyl acetate. -The extract was purified with a col- 

I imn i^hrAmntrtnranhv/ fr> rthtain Kl./f .Kr rK/l Avx/f^ai*. 

HI I lit ll Wl ■ IMhW^I Mfi^l I j W WbMII ■ 11 I J WW* 
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(II). 



Example 14 



acetvlanilide h\< 



i (Compound No. 79) 



loromethane ( 
and ^toluenesul 



i^-\i-uuty lUAyuai uui fyi/-^i lyui UAy-i_- 

phenylaianine 4-acetylanillde (0.57 g) and 
triethylamine (0.5 ml) were dissolved in dich- 

mi; -icJiKaityurOTUron (lu iiiij &uiuiiuii 

X ..,1 —UI /A nn _\ i_j i 

luiiyi uiiiuiiucf (u.oo y) vteis eiuutinj 

at room temperature, followed by stirring for 3 
hours. According to a conventional post-treatment, 
N-(t-butyl6xycarbonyl)-4-(4-toluenesulfonyloxy)-L- 
phenylalanine 4-ac6tylaniIide (I) (0.8 g) was ob- 
tained. The above compound (i) (0.8 g) was treated 
with 4N hydrogen chloride/dioxane solution (2.2 
ml) to obtain 4-{4-toluenesulfonyloxy)-L- 
phenylalanine 4-acerylariilid6 hydrochloride (1!) (0.7 
g). On the other hand, trans-4-(t-butylOA7cart)onyl)- 
aminomethyicyclohexylcarboxylic acid (0.37 g) and 
triethylamine (0.4 ml) were dissolved in dry 

loiraiiyuiuiuioii iiii/ aiiu oLiiyi v^i iiui uuai uui loio 

(0.16 g) was added under ice-cooling, followed by 
stirring for 20 minutes. To this solution was added 
the above compound (I!) (0.7 g) and the mixture 
was stirred at room temperature for 12 hours. Ac- 
cording to a conventional post-treatment N-[trans-4- 
(t-butyloxycarbonyl)- 
Bminom©thylcyclohexylcarbonyl]-4-(4- 

iwiuui ic7ouiii-'iiyiwAy/-i--pi loi lyiaiai in lo n-o^oiyiai iiituo 

(III) (0.32 g) was obtained. The above compound - 
(ill) (0.32 g) was treated with 4N-hydrogen 

chlcride/dioxone sclution (I m!) to obtain N-(tranS"4- 

cu I III lui I icii ly i\..y oiui icAy luat uui ly i;-^v**^ 

toiu6n63ulfonyloAy)-L-phenylalanine 4-acetylanilide 



hydrochloride (0.2 g). 



Example 15 
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so 



35 



N-(4-a.minomsthv!bsnzov!c3.'1}onvlV4-benzvloxv-L- 
phenvlalanine 3.4-dimethvlcvclohexvlamide hvdro- 



nhlnriHo /rVimru-kiinH 



M./'l_Kit4trlrtv«#^9i'K/M^\#l\-^-KAi.i7\/l/\vi/_I - 

li^iiwi I J III lu \u.kj ^/ m lu u,~T~\-iii I lOLi ly ii^y wiwi iOA~ 

yiCMIilllO yu.t ^) nolo UI^OWIVC3U ill t-ll y 1 1 117U ly IC71il3 

chloride (30 ml) and l-ethyl-3-(3- 
dimethylaminopropyl)carbodiimide hydrochloride - 

\U.^ g/ Woo ouuou LU ulc? 29UIUIIUII, luiiuwt^u uy 

stirring at room temperature for 12 hours. According 
to a conventional post-treatment, N-(t-butyloxycar- 

U».«..IV A I »u.... .1 — I...:... n A .J!_-xl I 

uui lyipt-uol iz.yiuAy-i_-|jiit?iiyiaiaiiiiiu o,*t-uiiiit?iiiyi- 

/^...^i^u.^.„.l««:^.. /IV rrt —\ _i-^-: i .fi 

Cy^.iuiioAyi<uiiiuo (■/ \fJ-oe. was uuicuiiuu. lim 

above compound (I) (0.3 g) was allowed to react 
with 4N-hydrogen chloride/dioxane solution to ob- 
tain 4-benzyloxy-L-pheMyialanine 3,4-dimsihyi- 
cyclchexylamide hydrochloride (II) (0.28 g). The 
above compound (II) (0.26 g) and 4-(t-butyloxycar- 
20 bonyl)aminomethylbenzoic acid (0.16 g) were dis- 



solution, and l-ethyl-3-(3-dimethylaminopropyl)- 
cartxxlilmide hydrochloride (0.15 g) was added to 
the solution. The reaction was carried out at room 
temperature for 12 hours. After a conventional post- 
treatment, N-[4-(t-butyioxycarbonyl)- 
aminomethylbenzoyl]-4-benzyloxy-L-phenylalanine 
3,4-dimethylcyclohexylamide (III) (0.23 g) was ob- 
tained. The above compound (III) was allowed to 
react with 4N-hydrogen chloride/dioxane solution to 
(2 rfil) obtain IM-(4-aminomettiylbenzoyl)-4- 
benzyloxy-L-phenylalanine 3,4-dimethylcyclohex- 
ylamide hydrochloride (0.18 g). 



Example Ig 



$ynt|i^$i$ Qf N-<trans-4-aminomethvlcvclQhexyl9ar- 
bonvlV4-<4-nitroDhenvloxvVL-Dhenvlalanine 4-ac- 
40 etvlanilide hydrochloride fComoound Ny. 9$) 

To a solution of N-(t-butyioxycarbonyl)-4- 
hydroxy-L-phenylalanine 4-acetylanilide (1.59 g) in 
dimethyl sulfoxide (IG ml) were added potassium 

45 hydroAids (0.25 g) and 4-nitrobromob©nz©ne (0.81 
g), and the mixture was heated at SO -30 °C and 
stirred for 10 hours. After conventional post-treat- 
ment N-(t-butyloxycarbonyl)-4-(4-nitroph©nyioxy)-L- 
phenylaianine 4-aceiyianliiue (i) (0.62 g) was ob- 

50 tained. The above compound (I) (0.6 g) was al- 
lowed to react with 4N-hydrogen chloride/dioxane 
solution to obtain 4-(4-nitropnenYioxy-L- 
phenylaianine 4-acetylanilide hydrochloride, which 
was further allowed to react with trans-4-(t-butyiox- 

56 ycarix}nyl)aminomethylcyclohexylcart3oxylic acid 
mixed acid anhydride obtained in Example 5 to 
obtain N-ftrans-4-(t-butyloxycartJonyl)- 
aminomethyicyclohexylcarbonyi>4-(4- 
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solution to obtain N-(trans-4*aminometliylcyclohex> 
yicarfaony!)-4-(4-nitrophsrioxy)-L-ph6nylalanin6 4- 

auoiyieiiiiiiue iiyuiLP^^iiiuiiue yu-oo y/. 



Example 17 

Synthesis N-i4-aminomethvlt)enzovlM- 
benzvloxv-L-phenvlalanine 4-plcolvlamld9 
dihvdrochlorlde (Compound No. 96^ 

N-(t-butyloxycarbonyl)-44)enzyloxy-L- 

(jiioiiyiaiaiiiiiB \i) \£..\nj y; wets uissuivou iH Qfy 

tetrahydrofuran (50 ml) and, undsr Ice^oolinQ, 
triethylamine (0.81 ml) was added thereto. After 
stirring for 15 minutes, ettiyl chiorocarisonate (0.64 
g) was added thereto, followed by stirring for 30 
minutes. To this sulution was added 4-picolyiarrrine 
(0.58 g) and the mixture was stirred at room tem- 
perature for 5 hours. The solid was filtered off and 
the filtrate was. concentrated under reduced pres- 
sure. The residue was extracted with ethyl acetate. 
After a conventional post-treatment N-(t-butylox- 
ycarbGnyl)-4-tjenzyloxy-L-phenylalanlne 4- 
picoiyiamide (II) (1.60 g) was obtained. To the com- 
pound (li) (1.60 g) 4N-hydrogen chloride/dioxane 
solution (15 ml) was added, followed by stinlng at 
room temperature for 30 minutes. The precipitated 
substance was collected by filtration and dried to 
quantitatively obtain 4-benzyioxy-L-phenylaianine 

't-piCOiyieuiiiuo uiiiyuiuuiiiuiiuo \iu). 

On the other hand, N-4-(t-butyloxycarbonyl)- 
aminomethyl benzoic acid (0.60 g) was dissolved in 
dry tetrahydrofuran (10 ml) and N,N-uim©thylfor- 
mamide (5 ml) and, under ice-cooling, triethylamine 
(1.20 ml) was added thereto. After stimng for 15 

.x^^ — ti — I ..ui t. m <v> ^\ u j 

iiiiMuiQS, Buiyi uiiiuiuuciiuuiiaie yu.^s ij) was auuaO 

xU»..a4... £..11 1 t ^x'. £ <in : t. 

uiBitsLu, luiiuwou uy suiiiiiy lui ou iiiiriuiBS. lu uiiS 

solution was added the above-prepared conripound 
(III), followed by stirring for 3 hours at room tem- 
perature. The solid was filtered off and the filtrate 
was concsntratsd under reduced pressure. The re- 
sidue w^ extracted with ethyl acetate and, after a 
conventional post-treatment, N-4-(t-butyloxycar- 
bonyl)arninomethyibenzoyi-4-ben2yioxy-L- 
phenylalanine 4-picolyiamide (iV) (0.45 g) was ob- 
tained. To this compound (IV) (0.45 g) was added 
4N hydrogen chloride/dioxane solution (4.5 mi) and 
the precipitated substance was collected by fiitra- 



benzyloxy-L-phenylalanine 4-picoiylamide 
dihydrochloride (0.39 g) was obtained. 



nMnrtrIn /f^n.^n^.^A Kin l\A\ 



v»'!aianine cvclohexvlamide hvdro- 



ii-\i-uuiyiuAyv;<»i uuiiyi;-4-ucii i.cyiuAy- 



phenylalanine 



(1/ ^.u y; ulssuivou iii uiy 

tetrahydrofuran (30 ml) and ethyl chlorocarbonate - 
(0.65 g) was added under ice-cooling, followed by 
stirring for 30 minutes. 

70 To this solution was added cychlohexylamlne - 
(0.43 g) and the mixture was stirred at room tem- 
perature for 10 hours. After evaporation of the sol- 
vent, the residue was exiracted with ethyl acetate, 
washed with water, and dried to obtain 2.3 g of N- 

75 (t-butyloxycarbonyl)-4-benzyloxy-L-phenyialanine 
cyclohexylamlde (11). 

To the above compound (11) (1.0 g) was added 
under Ice-cooiing 4f>j-nydrogen chloride/dioxane 
solution (4.5 ml) and the mixture was stin-ed at 

20 room temperature for 30 minutes. Hexane (30 ml) 
was added to this solution and the precipitated- 
crystaiiine substance was collected by filtration, 
washed with ether and then dried under reduced 
pressure to quantitatively obtain 4-fc>en2yloxy-L- 

25 phenylalanine cyciohexylamide hydrochloride (III), 
On the other hand, triethylamine (0.6 ml) was ad- 
ded to 4-(t-butyloxycarbonyl)aminomethylbenzoic 
acid (0.62 g) dissolved in dry tetrahydrofuran (30 
mi) and ethyl chlorocarixinate (0.25 g) was added 

30 under ice-cooling, followed by stirring for 30 min- 
utes. To this solution were added the above com- 
pound (III) (0.73 g) and triethylamine (i mi), and the 
mixture was stirred at room temperature for 3 
hours. After evaporation of the soivent, the residue 

35 was extracted with ethyl acetate, washed with water 
and dried to obtain 0.2 g of N-[4-(t-butyloxycar- 
bonyl)aminomethylbenzOyi]-4-benzyioxy-L- 
phenyiaianine cyciohexylamide (IV). To the above 
compound (IV) (0.2 g) was added under ice-cooling 

40 4N-hydrogenchioride/dioxane solution (0.5 mi) and 
the mixlure was stirred at room temperature for 30 
minutes. Hexane (20 mi) was added to this solution 
and the precipitated crystalline substance was col- 
lected by filtration, washed with ether and then 

45 dried under reduced pressure to obtain O.i g of N- 
(4-aminometnyiben2oyi)-4-benzyioxy-L- 
phenylalanine cyciohexylamide hydrochloride. 



so Example 19 

Synthesis ot N-(trans-4-aminomethvicvciohexvlcar- 
bonvlM-iDenzvioxv-L-phenviaianine 4; 
trifiuoromethvianiiide hydrochloride (Compound No. 
55 jjSl 
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was treated witii 4N 



^1 ml lyicuoi iiira 



a/ 



tetrahydrofuran (30 ml) and ethyl chlorocaitionate - 

yu.L»<j y/ Tvao ouuou uiiuoi n^o-v-uuiii ly, iuiiuttcu uy 
ouiiiiiy lui iiiiiiuLoo. lu uiio ouiuuuii nod ouuou 

4-trlfluororriethylanlline (0.65 g) and the mixture 



uoauiioiii was (jaiiiou uui iii mo some iiieuiiiei cu> iii 

Exampie i to Obtain i.3 y Of N-(t-butyloxycarbonyl)- 
4-benzyloxy-L-phenyialanlne 4- 
triffuoromethylanllide (II). To the above compound - 

(li) (0.5 g) was added Under ice-cooiing 4N'-riy- 

drogen chloride/dioxane solution (3 ml) and the 
mixture was stirred at room temperature for 30 
minutes. Posl-treaimeni conducted in the same 
manner as in Example i gave quantttatively 4- 
benzyioxy-L-phenylaianine 4-trifluorQmethyianilide - 
(III). On the other hand, trans-4-(t-butyioxycar- 
bonyl)aminomethylcyclohexylcarboxylic acid (0.25 
g) and trlethyiamine (0.2 ml) were added, and 
eihyichiorocarbonate (0.1 g) was added under ice- 
cooiing, followed by stimng for 30 minutes. To this 
solution were added the above compound (HI) (0.42 
g) and triethyiamine (I ml), and the mixture was 
stirred at room temperature for 3 hours. After ex- 
traction with chloroform, according to the same 
post-treatment as in Example I, 0.28 g of N-[trans- 
4-(t-butyloxycarbony!)- 

aminomethylcyclohexylcarbonyl]-4-benzyioxy-L- 
phenylaianine 4-trifluoromethylanilide (IV) was ob- 
tained. To the above compound (IV) (0.28 g) was 
added 4N-hyurogen chloride/dioxane solution (2 
mi) and, after stirring at room temperature for 30 
minutes, foliowing the same procedure as In Exam- 
ple I, 0.15 g of N-(trans-4-amlnometnyicyciohexyi- 
carbonyi)-4-b©nzyioxy-L-phenylaianine 4- 
trifluoromethylanilide hydrochloride was obtained. 



Exaniula 20 

Synthesis of r'j-(traris-4-aminornethvicvclohexvlcar- 
ixjrivi)-4-i'5-riiiro-2-pvridvioxv)-L-phenviaianine ^ 
acetvlaniiide hydrochloride (Ctompound No. 120 

To a solution of N-(t-butyloxycarbonyl)-4- 

hydroxy-L-phenyiaianine 4-acetylanllide (0.57 g) in 
dry dimethyisuifoxide (10 mi) was added oiiy so- 
dium hydride (0.07 g), followed by stirring at room 
temperature for 30 minutes. Tnen, 2-cnioro-5- 
nitropyridine (0.28 g) was added and stirred at 
room temperature for 10 hours. After a conventional 
post-treatment, N-(t-butyioxycarbonyl)-4-(5-nitro-2- 
pyrldyloxy-L-phenylalanine 4-acetylanilide (i) (0.70 
g) was obtained. The above compound (I) (0.70 g) 



lutiGn (15 mi/ xu uuLoiii *f-\ij-iiiiru-i-|jyriuyiuAy7*u- 

pneiiyiaiaiiiiie ly uu iiiiue iiyuiuwiiiuiiua (ii; 

(0.65 g). 



aminomeinyicycionexyicarnoxyiic acia (u.o/ g) ana 
triethyiamine (0.4 ml) were dissolved in dry 
ietrahydrofuran (20 mi) and eihyi chiorocarbonaie - 
(O.io g) was added under ice-cooiing, foiiowed by 

10 stirring for 20 minutes. To this solution was added 
the above compound (11) (0.85 g) and, after neu- 
tralizing with triethyiamine, the mixture was stin-ed 
at room temperature for 12 hours. According to a 
conventional post-treatment N-Ltrans-4-(t-butylox- 

76 ycari3onyl)aminomethylcyclohexyicarbonyl]-4-(5- 
nitro-2-pyridyioxy)-L-phenyiaianine 4-acetylanliide - 
(iii) (0.32 g) was obtained. Tne above compound 
(III) (0.32 g) was treated with 4N-hydrogen 
chloride/dioxane solution (I ml) to obtain N-(trans-4- 

20 aminomethylcyclohexyicarbonyi)-4-(5-nitro-2- 

pyridyioxy)-L-phenylalanine 4-acetylaniiide hydro- 
chloride (0.2 g). 



25 Example 21 

N-(trans-4-aminomethvlcvclohexvlcarbonvlV4-^3- 
cvanobenzvioxvhL-Phenvialanine 4-acetvianilidB 
hydrochloride (Compound No. 122^ 



30 



35 



40 



45 



50 
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N-(t-butyloxycarbonyl)-4-benzyloxy-L- 

phenylalanine 4-acetylaniilde (1.2 g), palladium 
black (0.15 g) and cyciohexene (8 ml) were added 
into ethanol (40 ml) and the reaction was carried 
out under reflux of ethanol for I hour. After cooling, 
the mixture was filtered and a filtrate was con- 
centrated under a reduced pressure to obtain N-(t- 
butyioxycarbonyi)-4-hydroxy-L-phenylaianine 4-ac- 
etylaniilde (I) (0.99 g). The atwve compound (I) - 
(0.99 g) was dissolved in dimethylformamide (30 
ml), added with oiiy sodium hydride (0.1 g) and the 
mixture was stirred at room temperature for 30 
minutes. A solution of 3-cyanobenzylbromide (0.4 
g) in dimethylformamide (5 ml) was added and 
allowed to react at room temperature for 6 hours, 
and the reaction mixture was poured into ice-water 
(iOO ml) and extracted with ethyl acetate. A conven- 
tionai post-treatment was carried out to obtain N-(t- 
butyloxycarbonyi)-4-(3-cyanobenzyloxy)-L- 
phenylalanine 4-acetylanilide (II) (1.25 g). The above 
compound (11) (1.25 g) was allowed to react with 4N- 
hydrogen chioride/dloxane (12 ml) to obtain 4-(3- 
cyanoi}enzyloxy)-L-|:^enylalanine 4-acetylanilide - 
(ill). 

The above compound (III) was suspended in 
dimethylformamide (10 ml) -tetrahydrofuran (10 ml) 
solution, and triethyiamine (0.4 m!) a.nd t''ans-4-(t- 
butyloxycarbonyl)aminomethylcyclohexyicari30xylic 



75 



for 3 hours. After a conventional post-treatment, N- 
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K^rttflV^^^ni-ft'i-k—I —nt^Ani/l^l^ninA A-^/-^at\Af»r%t]\/^A V^\i^ 
ly ■/ — r-iiiu u~L.-pi loi ijr icum ~T~€u^ioiy lai iinu^ i iy- 



drochloride was obtained. 



ai I III lui I icu ly lu-y <»>iui lOAy luai uui ly i 

i^yai luuoi i^y lUAyy-u-pi loi lyiaioi ni ic; 4-acetyianilide - 

(IV) (1.31 g) was obtained. The above compound - 
(Iv) (1.3! g) was allowed to react with 4N-hydrogen 



cr/staiiine substance precipitated by addition cf 
hexane was collected by filtration. The product was 



Example 23 



oviiutoaio ui ti gi iD-t-gi i in lui i igu i v njvwuji igA vn^ai* 
uui I V I r**-! o-i.;i iiui o-o-i ii u uiui loi iija v lei i v laiai iii ic 

4-Dvridviamide dihvdrochioride iComoound No. 
137^ 



tain N-(trai iS'4-ai i ili lomethyicyclohexy Icarboi ryi)-4- 
(3-cyanobenzyloxy)-L-phenylalanine 4-acetylanllide 
hydrochloride (I.I g). 



To a sgIuiIoii uf N-(t-butyiuxycarijorryi)-4- 
75 hydroxy-L-phenytaianlne 4*pyridylamlde (5.35 g) in 

dimethyl sulfoxide (100 ml) waS" added oiiy sodium 



Example 22 

Synthesis of N-itraris-4-amiriorrieihvic'v"clohex~v'icar- 
bonviV4-nitro-L-phenvlalanine 4-acetvlanilide hy- 
drochloride ^Compound No. 130^ 



N-(t-butyloxycarboi iyl)-4-nltro-L-|jhenylalanlne - 
(0.95 g) and triethylamine (0.4 mi) were dissolved 
in dry tetrahydrofuran (15 ml), and ethylchiorocar- 
Innate (0.33 g) was added under ice-cooling to the 
resultant solution, followed fay stirring for 20 min- 
utes. 4-acetylaniline (0.6 g) was added to the solu- 
tion and the mixture was further stirred at room 
temperature for 12 hours. According to a conven- 
tional post-treatment, 0.98 g of N-(t-butyioxycar- 
bonyl)-4-nitro-L-phenylaianine 4-acetylanilide (I) 
was obtained. 

To the above compound (I) (0.37 g)-was added 

tM-iiyuiuyoM iji iiui luo-uiuAai lo c>L.iiuiiuii (i.iJ iMi) gnu 

the mixture was stirred at room temperature for I 
hour. The solid precipitated by addition of ethyl 

OLiici iiii; iiuu mica ouiuiiuu vvg$) uuiit:fU(mj Dy 

filtration to give 0.33 g of 4-nitro-L-phenylalanin© 4- 
aceTyiaiiiiiue iiyuiuuiiiunuis 1 igiis^t-^i-uuiyiux- 
ycarbonyOaminomethylcyciohexylcarboxyiic acid - 
(0.2 g) and triethylamine (0.2 ml) were dissolved in 
dry tstraiiydrofuran (15 ml) and ethyichlorocar- 
bonate (0.09 g) was added to the solution under 
ice-cooling, followed by stirring for 20 minutes. To 
this solution was added the above compound (!I) - 
(0.33 g) and the mixture was stirred at room tem- 
perature for 12 hours. According to a conventional 
post-treatment, 0.29 g of N-[trans-4-(t-butyloxycar- 
bonyl)aminomeihyicyclohexyicarbonyij-4-nitro-L- 
phenyialanine 4-acetyianiiide (lii) was obtained. The 
above compound (ili) (0.2S g) was dissolved in 4N- 
hydrogen chioride/dioxane solution (I ml), the solu- 
tion was stirred at room temperature for i hour and 
then ether (8 ml) was added. The crystalline sub- 
stance precipitated was collected by filtration and 



perature for 30 minutes. Thereafter, 2,4-dich- 
loronitrobenzene (2.88 g) was added and stin'ed at 

20 room temperature for \0 hours. After a conventional 
post-treatment, N-(t-butyloxycarijonyi)-4-(3-chioro-- 
6-nitrophenoxy)-L-phenylaianine 4-pyridylamide 
dihydrochloride (6.66 g) was obtained. The above 
compound (I) (6.50 g) was allowed to react with 

25 4N-hydroyen chloride/diDxane soiution (50 rni) to 
obtain 4-(3^1oro-6-nitrophenoxy-L-pheriylalanine 
4-pyridyiamide dihydrochloride, which was further 
allowed to react with trans-4-(t-butyloxycarbonyl)- 
aminomethylcyclohexylcarboxylic acid mixed add- 

30 anhydride obtained in Example 5 to obtain N- 
[trans-4-(t-butyloxycarbonyi)- 
aminomethylcyclohexylcarbonylr4-(3-chloro-S- 
nrtrophenoxy)-L-phenylalariine 4-pyridylamius (II) - 
\/.io y}. I no Buuve uOmpuuiiu (ii/ (/.uu g) waS 

3S allowed to react with 4N-hydrogen chioride/dioxane 
solution (150 ml) to obtain N-(trans-4-aminomethyl- 
cyCiohexylcarbQnyl)-4-(3-chioro-6-nitrophenoxy)-L- 
phenylalanine 4-pyridyiamide (6.06 g). 



40 



Sviithosis yf N-uraiis-4-aminomeihviCVClohexvlCar- 
bonvi')4-(4-uicolvloxv>-L-phenvlaianine 4-pic- 
45 pecolvlynide /Compound No.l65) 

N-(t-butyloxycarbonyl)-4-benzyloxy-L- 

phenyiaianine (i) (1.86 g) was dissolved in dry 
tetrahydrofuran (30 mi) and, under ice-cooiing, 

50 triethylamine (0.75 ml) was added thereto. After 
stirring for 10 minutes, ethyi chlorocartranate (0.56 
g) was added and stirred for 30 minutes. To this 
solution was added a soiution of 4-pipecoiine (0.55 
g) in dry tetrahydrofuran (5 ml). The ice bath was 

55 removed and the reaction was carried out at room 
temperature for 2 hours. The precipitate was fii- 
tered off and the filtrate was concentrated under 
reduced pressure. To the residue was added water 
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(50 mi), foiiowed by sxtractiny with ethyi ac9tat@. 
After a eonventionai post-treatmsnt N-(t-butyiox- 
ycarbonyi)-4-benzyioxy-L-ph©nyiaianine 4- 
pip6Coiyiamide (ii) (i.83 g) was obteuned. 

A mixture of the above compound (ii) (i.70 g), 
paiiadium blaci< (0.20 g), cyciohexene (6 mi), and 
ethanoi (50 mi) was reacted under refiux of ethanoi. 
After cooiing, tiie soiid was filtered off and trie 
filtrate was concentrated to obtain N-(t-butyioxycar- 
bonyl)-4-hydroxy-L-phenylaianine 4-pipecoiyiamid© 
(til) (1.36 g). The compound (iil) was dissolved, 
without purification, in N,N-dimethylformamide (20 
ml). To this solution was added oily sodium 
hydride (60% content) (0.16 g), foiiowed by stirring 
at room temperature for 30 minutes. To this solu- 
tion was added a solution of 4-picolyl chloride (0.50 
g) in N,N-dlmethylformamide (5 ml) and the reac- 
tion was carried out at room temperature for 7 
hours. Ice water was added to the reaction mixture 
and the resultant oily product was extracted with 
ethyl acetate. After a conventional post-treatment, 
N-(t-butyloxycartX5nyl)-4-(4-picolyloxy)-L- 
phenyialanine 4-plpecolylamide (IV) (1.20 g) was 
obtained. From the compound (iV), N-{trans-4- 
aminomethylcyclohexylcarbonyl)-4-(4-picolyloxy)-L- 
phenylalanine-4-pipecolylamide (0.85 g) following 
the procedure of Example 6. 

The phenylalanine derivatives or the salts 
thereof according to the present invention, which 
are an effective component of the proteinase inhibi- 
tor of the present invention, have very potent inhibi- 
tion activities against proteinases such as plasmin, 
kallikrein, trypsin, and urokinase as shown in the 
below-mentioned test results. The plasmin inhibi- 
tion activity is different from the effect exhibited by 
the antipiasmins of the prior art, when contrasted 
with known drugs of the prior art such as tranex- 
amic acid or t-aminocaploic acid which selectively 
inhibits only plasmin among proteinases. For exam- 
ple, some effective ingredients of the proteinase 
inhibitor according to the present invention exhibit 
an inhibition activity against urokinase, which is a 
plasminogen activating enzyme as is well known. 
This means that the inhibition of this enzyme can 
provide preferable hemostatics. On the other hand, 
some of the proteinase inhibitors according to the 
present invention inhibit antikallikrein activity and 
antitrypsin activity. This means that these inhibition 
activities can provide, together with the antiplasmin 
activity, a strong antiinflammatory agent. For exam- 
pie, the Compound No, 3 in Table 3 is known as 
the phenyialamine derivative having the structure 
similar to that of the present invention (see Phar- 
mazie 39, H, I, 68,1984). Furthermore, the Com- 
pound Nos. 4, -5, 6, and 7 are known as 
phenyialamine derivatives (see Ch.em. Abst. 77, 
I02225j; .3.93l2d; and gQ, 92633m). 



In the following, antiplasmin activity, antikal- 
likrein activity, antifrypsin activity, antiurokinase ac- 
tivity and aniithronibin activity of the present com- 
pounds are descrilsed in detail by referring to typi- 
s cal test examples. 

Tne measurement methods employed in the 
folkjwing test examples are as described below. 
Tne test results are shown in Table 2 by referring 
to the compound Nos. in the above Table 1 for the 
10 compounds of the present invention, and the test 
results are shown in Table 4 by showing the struc- 
tures of the compounds in Table 3 for the commer- 
a'ally available antipiasmins as Comparative Exam- 
ples. 

15 

(I) Evaluation Antiolasmin Activitv 

(i) Pgtermination si inh'Wpn activity fgr fijjrin dS: 
20 composition 

An inhibitor sample is dissolved in a 0.18 M 
borate-physiological salt buffer solution (pH * 7.4) 
to make the total volume to 600 u.\. To this buffer 

25 solution, 200 ul of a 0.2% bovine fibrinogen, 100 ul 
of a 0.3 casein unit/ml human plasmin solution, and 
100 ul of a 50 unit/ml bovine thrombin solution, all 
dissolved in the above-mentioned buffer, are added 
at a temperature of 37°C in a constant temperature 

30 bath. Then, the dissolution time of the fibrin mass 
fonned above is detenmined. Thus, the concentra- 
tion of the inhibitor sample (i.e., -50% inhibition 
concentration, umol). at which the dissolution time 
obtained in the absence of the inhibitor (i.e., about 

35 5 minutes) is extended twice, is determined. 



(ii) Determination of inhibition activitv for S-2251 

decomnnsition 

40 

An inhibitor sample is dissolved in a 0.05 M 
Tris-hydrochioric acid buffer solution (pH = 7.4) to 
make the total volume to 400 ul. To this solution, 
50 ul of a 3 mM S-2251 solution is added and the 

45 mixture Is incubated at a temperature of 37''C for 5 
minutes in a constant temperature bath. Then, 50 
ul of a 0.2 casein unlt/m! human plasmin Is added 
and the mixture is incubated at a temperature of 
37"C for 4 minutes. Thereafter, the reaction is 

so stopped by adding 50 ul of 50% acetic acid. 

The absorbance of p>-nitroanilin6 formed in the 
reaction mixture is determined at 405 .nm. Thus 
the concentration Iss (umol) of ttie inhibitor sample, 
at whjrh the alDsorbancs is one half ^i.e. 1,^2^ of that 

55 obtained in the absence of the inhibitor, is deter- 
mined. 
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borate^hysiological salt buffer solution (pH = 7.4} 

LU lilOI\0 Llia UJiai VUIUIIIO lU *tUU M-l. lU llllO OUIULIUil, 

crtn III »f « n >4e/ u»..:.^» <:u^«^ — . — — i. .■i.;.^.^ — ^ tnri 
<J\J\J M.! Ul O /O UUVIIIC; IIUIIMUyOII OiJlULIUIl aiiu luu 

fx! of a I CaS8in Unit/m! hiUmaTi plaSFTiin SOlutiCii, oil 

dissoivsd ifi ihs abuvs-msntionsd biiifsr ars SduSd 
at a tsmpsraturs of 37°C in a constant tsmpsraturs 
bath. Afisr ths mlxturs is aliowsd to stand at a 
temperaturs of S7^C for 10 minutes, 380C ni of tlie 
above-mentioned buffer containing 13.2 mM of 
transxamic acid and 200 ul of a 50 unlt/mi bovine 
thrombin solution are added to iermlnat© the reac- 
tion. The mixture is incubated at a temperature of 
37 "C for 15 minuies to form the fibrin. The fibrin 
clot thus formed Is adhered to or wound around a 
glass rod and is tiien washed with water. The 
amount of the remaining fibrinogen is detemnined 
according to a tyrosine coloring method using a 
phenol reagent (see J. Biol. Chsm., 3' 327 (1327)). 
From the amount of the remaining fibrinogen thus 
determined, the amount of decomposed fibrinogen 
is calculated. Thus, the concentration !» (iimol) of 
the inhibitor sample, at which the amount of de- 
composed fibrinogen Is one half (i.e., 1/2) of that 
obtained in the absence of the inhibitor sample, is 
detenmined. 



(2) Evaluation gf Antithrombin AcBvitv 

(i) Detentnination si inhibition activity against fibrin 
foirnaUon 

An inhibitor sample is dissolved in a 0.18 M 

uoraie-physioloyieai salt buffer solution (pH — 7.4) 
to mal<e the total volume to 500 ul. To this solution, 
400 ul of a 0.2% bovine fibrinogen solution and 100 
Ul of a 4 unlt/mi bovine thrombin solution are 
added at a temperature of 37' C in a constant 
temperature bath. Thus, a coagulation time is de- 
termined. The inhibitor concentration Isa (umol), at 
which the coagulation time obtained in the absence 
of the inhibitor is extended twice, is determined. 

(ii) Determination sf inhibition activi^ for S-2238 

decomposition 

An inhibitor sample is dissolved in a 0.G5 M 
Tris-hydrochloric acid buffer solution (pH = 8.3) to 
mai<e a total volume of 400 ui. To this solution, 50 
Ul of a 0.2 mM 3-2238 solution is added and the 
mixture is incubated at a temperature of 37° C for 5 
minutes in a constant temperature bath. Tnen, 50 
ui of a 0.2 unit/mi bovine thrombin solution is 
added thereto and the absorbance, at 405 nm, of 



I iCOO 

^iiiu<.icuiiiiiio luiiiiou ymt iiiiiiuic? lo UOLDIIIIIIIOU 
OL a 171 1 if-fui Qiui o \ji yji ^ uy uoiii^ ui<7 ^u~v^ciiiou 
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- (umol) of the inhibitor sample at which the absor- 

9 uaii^o 10 unci nail vi.c, M£.f ui iiioi uuieuiiou ill uie 

absence of the inhibitor sample, is determined. 

(0) Evaluation of Antitrypsin Activity Determinaoon 
JO of inhibition activity against S-2238 decomoositipn 

An inhibitor sample is dissolved in a 0.05 M 
Tris-imidazoie buffer solution (pH - 8.1) and 125 ui 
of a i mM 3-2238 solution is added to make the 

is total volume to 1.20 ml. The mixture is incubated at 
a temperature of 37°C for 5 minutes in a constant 
temperature bath. To this mixture, 0.05 mi of bo- 
vine trypsin Is added and the absorbance, at 405 
nm, of the p-nitroaniiine formed per minute is de- 

20 termined at a temperature of 37''C by the so-called 
initial velocity method.Tnus, the concentration !» -- 
(umoi) of the inhibitor sample, at which the absor- 
bance is one haff (i.e., 1/2) of that obtained in the 
absence of the inhibitor sample, is determined. 

25 

(4) Evaluation of Anti-Plasma Kaiiikrein Aciivitv De- 
tefrnination Inhibition aetivitv for S-2302 decom- 

30 

An inhibitor sample is dissolved in a 0.05 M 

Tris-hydrochloric acid buffer solution (pH = 7.8) to 
mai<e the total volume to 400 ui. To this solution, 
50 ul of a 2 mm S-2302 solution is added and the 

35 mixture is incubated at a temperature of 37°C for 5 
minutes in a constant temperature bath. Then, 50 
ui of a 0.12 unit/ml human plasma i^allikrein is 
added and the mixture is Incubated at a tempera- 
ture of 37'C for 5 minutes. Thereafter, 50 ui of 

40 50% acetic acid is added to terminate the reaction. 
The absorbance of the p-nitroaniiine formed in the 
reaction mixture is measured at 405 nm. Thus, the 
concentration !» (umol) of the inhibitor sample, at 
which the absorbance is one half (i.e., i/2) of that 

45 obtained in ^e absence of the inhibitor sample, is 
determined. 



(5) Evaluation gf Antiurokinase Activity Determina- 
50 tion of inhibiton activity for S-2444 decomposition 

An inhibitor sample is dissolved in a 0.05 M 
Tris-hydrochloric acid buffer solution (pH = 8.8) to 
make the total volume to 400 ui. To this solution, 
55 50 ul of a I mM 8-2444 solution is added and the 
mixture is incubated at a temperature of 37°C for 6 
minutes in a constant temperature bath. Then, 50 
Ul of a SCO unit/ml human urokinase is added and 
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the mixture is IncutTated at a temperature of 37" C 
for 5 minutes. Thsrsaftsr, 50 til of 50% acetic acid 
Is added to terminate tiis reaction. The absorbancs 
of the p-nitrQani!in6 formed in the reaction m.ixtur© 
Is measured at 405 nm. Thus the concentration Iso 

/lJmnl^ nf tha inhiKi+nr- eamnia at whi/^h +hA aKci-^r. 

bancs Is one half 1/2^ of that obtained in the 
absence of the inhibitor sample, is determined. 
When the compounds of the present invention 

present 

proteinase Inhibitor can be formulated by any con- 
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jection, intramuscular Injection, instillation, and oral 

sdntinistrstion. AJthouQh thsrs SuG no crltlCu! iirriitS" 

dosage is 100 to lOCO mg/day/pe be 
conveniently decreased or increased as desired, as 
a matter of course. 
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Conpound 
No. 


Plasnin 


Thronbin 


Trypsin 


Piasna 
Kai 1 iKrci n 
S-2302 


' Urol< ! nase 


S-2251 


Fibrin 


S-2238 


Fibrinogen 


S-2238 


S-2M4 


1 


75,000 


60 


>1,000 


>i,000 


>-i,ooo 


>1,000 


>l,000 


2 


180.000 


200 












•> 


>1,000 


>-l.C00 


>1,000 


>1,000 




^ I 1 uuu 


>1 f UUU 


4 


>200 


>200 


>200 


>200 




>200 


>200 


5 


>I00 


>iOO 


>100 


>iOO 


>I50 


>100 


>100 


Q 


>200 


>200 


>200 


>200 




>200 


>200 


7 


>1,000 


>1.000 


>1,000 


>1,000 


>300 


>1,000 


>1,000 . 
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Claims 

i. A phenyiaianine derivative riaving tiie formula 

(I): 
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H2NCH2 X 




(1) 
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where n' and R' are, iiideijeiidsnuy, hydiugsn pro- 
vided that botii R' and are not hydrogen at the 
same time; 

Ci-Cf aikyi which may be substituted with hydroxy, 
hydroxycarlaonyi, d-C. alkoxycarbonyi, C,-C. ail^i- 
mercapto, Ci-C« alkoxy, carbamoyl, sulfamoyi, 
pyridyl, or phenyi which may further be substituted 
with nitro, C-Ci alkoxy, or halogen: 

Cs-C. cycioalkyi which may be substituted with 
hydroxy, d-C, aikoxy, hydroxyicarbonyi, C1-C4 al- 
koxycarbonyi, or Ci-C* alkyl: 

phenyl which may be substituted with halogen, 
nitro, trifluoromethyL C.-C. alkoxy, C,-Ci aikylmer- 
capto, C,-C4 aikytcarbonyl, phenylcarbonyl, hydrox- 
ycarbonyi, Ci-C« alkoxycarbonyi, carbamoyl, sul- 
famoyi, amidino, pyridylcarbonyl, or C-C. alkyl 
which may further be substituted with C,-C, alkyl- 
carbonyl, hydroxycarbonyl, or C,-C4 alkoxycar- 
bonyi; 

pyridyl which may be substituted with halogen or 
C1-C4 alkoxy; 

pyrimidyl; 

N-benzylazacyck)hexyl; and 

R' and R' may fonn with the nitrogen atom at- 
tached thereto a ring structure as morphoiino; 
thiomorpholino; or piperadyl which may be substi- 
tuted with phenylcarbonyl, benzyl, or CrC4 alkyl; 

pyn-oiidyi which may be substituted with hydrox- 
ycart>onyl or d-C* alkoxycarbonyi; and 

pyperidine substituted with d-d alkyl, phenyl d- 



d aikyi, fjhenyiuarbonyl, or d-d alkoxycarbonyi; 

X is hydrogen; nifro; amino; or -OZ wherein Z is 
hydrogen; d-C, alkyl; Ca-d alkenyl; benzyl which 

s may be substituted with haiogen, C-C, aikyi, nitro, 
trifluoromethyi, hydroxycarbonyl, d-d aikoxycar- 
bonyi, or cyano; phenylcarbonyimethyl, pyridyl- 
methyi; phenyi which may be substituted with nitro 
or halogen; pyridyl or pyrimidyl which may be 

JO substituted with nitro; phenyisuifonyi which may be 
substituted with d-C, alkyl; or benzyloxycarbonyi 
which may be substituted with haiogen; 

n is 4 to 10; and 

IS 

the mark " indicates that the configuration of the 
carbon may be either one of D-configuration, L- 
configuration and DL-conf!guration or a pharmaceu- 
tical acceptable salt thereof. 

20 2. A phenylalanine derivative as claimed in 
claim I, wherein the pharmaceutically acceptable- 
salt Is at least one salt sheeted from the group 
consisting of hydrochloride, hydrobromide, 
hydroiodide, sulfate, nitrate, phosphate, oxalate, 

25 succinate, giycolate, malate, citrate, lactate, ben- 
zene sulfonate, toluene sulfonate, and methane sul- 
fonate. 

3. A proteinase inhibitor comprising as an es- 
sential component the phenylalanine derivative of 

30 claim I or the phannaceutically acceptable salt 
thereof. 

4. A proteinase inhibitor as claimed in claim 3, 
wherein the pharmaceutically acceptable salt is at 
least one salt selected from the group consisting of 

35 hydrochloride, hydrobromide, hydroiodide, sulfate, 
nitrate, phosphate, oxalate, succinate, giycolate, 
malate, citrate, lactate, benzene sulfonate, toluene 
sulfonate, and methane sulfonate. 
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